Introduction {#s1}
============

Gastric cancer (GC) is the fifth most common cancer worldwide with an estimated 900.000 new cases diagnosed annually ([@ref1]). Adenocarcinomas (AC), the most prevalent GC subtype, is the third leading cause of cancer-related deaths ([@ref2]).The main issue pointed out by reports is that GC typically constitutes higher proportion of new mortality/cases compared with more prevalent cancers ([@ref3]). The majority of patients with GC (64%) are usually diagnosed when the disease is already in advanced or metastatic stages ([@ref4]).

Recently, ^18^F-fluoro-2-deoxy-glucose positron emission tomography/computed tomography (^18^F-FDG PET/CT) has been demonstrated as a noninvasive, useful modality for diagnosis and staging of patients with cancer ([@ref5]). The higher maximum standardized uptake value (SUV~max~) levels were found significantly associated with the metastasis and poor prognosis in several types of cancer, including breast, esophagus and non-small cell lung cancers ([@ref6],[@ref7],[@ref8]).

The role of ^18^F-FDG PET/CT in GC remains controversial, as reports indicate low sensitivity for staging and predicting prognosis ([@ref5]). In contrast to limited sensitivity reports, several studies concluded an acceptable prognostic and clinical value of ^18^F-FDG PET/CT in GC staging ([@ref9],[@ref10]).

In this study, we aimed to evaluate ^18^F-FDG uptake patterns in GC subtypes, not only in primary tumors but also in nodal and distant metastatic lesions, as well as to assess the diagnostic contribution of PET/CT to nodal involvement and distant metastasis in the initial staging of GC.

Materials and Methods {#s2}
=====================

Patients {#s2a}
--------

The total of 341 patients with GC \[256 (75.1%) males, 85 (24.9%) females, mean age 62.2±11.5 years (range: 23-90)\], who were diagnosed as having primary GC with gastroscopy, histopathological examination and underwent ^18^F-FDG PET/CT for initial staging between May 2011 and July 2018 were included in this study. Patients who were previously diagnosed as having another malignancy were not included in the study.

Primary GC diagnosis and histopathological analysis have been based on tissue samples derived by endoscopic biopsies performed before ^18^F-FDG PET/CT imaging. ^18^F-FDG PET/CT imagings were performed preoperatively or before chemotherapy/radiotherapy for all patients. Staging was performed based on the TNM classification for carcinoma of the stomach according to the 8^th^ edition of the American Joint Committee on Cancer guidelines ([@ref11]). The staging system depends on extend of the tumor, regional lymph node (RLN) and distant metastasis. Also, other prognostic factors such as tumor diameter, histological grade, lymphovascular invasion, perineural invasion, surgical margins were evaluated pathologically on resection specimens. The histological classification proposed by the Word Health Organization was used for pathological reporting ([@ref12]). This retrospective study was approved by the local ethics comittee (2017/1048). All patients included were asked for their verbal or written consent for the use of their individual clinical findings for research purposes.

^18^F-FDG PET/CT Imaging {#s2b}
------------------------

Patients with blood glucose levels lower than 150 mg/dL after at least six hours of fasting were admitted for the procedure. Standard 3.7-5.2 MBq/kg (0.1-0.2 mCi/kg) ^18^F-FDG intravenous injection was administered to the patients. Sixty minutes after 4 injection of ^18^F-FDG, whole body PET/CT imaging was obtained including the area from vertex to upper femur at supine position (first 42 imagings were performed by Biograph 6 HD LSO, and subsequent 299 imagings were performed by mCT 20 ultra HD LSO PET/CT), (Siemens molecular imaging, Hoffmann Estates, Illinois, USA). A solution containing 75 cc mannitol and 2 grams of locust bean gum was added to 1.5 liters of water for all patients to drink as negative oral contrast agent during the time period between injection and image acquisition. CT imaging for PET/CT was performed using a multi-detector scanner with 6 and 20 slices, at 80-140 kV, 20-266 mAs, 0.8 pitch and 512x512 matrix \[personalized settings determined by automatic exposure control system; automatically defined by the software used by manufacturer (CareDose 4D) depending on the patient and region assessed\]. CT imaging was performed between vertex and upper-thigh in craniocaudal direction with 5 mm of slice thickness and 0.5 seconds of rotation time. Then, PET imaging was performed in the same range through craniocaudal direction at 8 to 9 bed positions, 1.5 minutes for each PET bed using Siemens mCT 20 ultra HD LSO PET-CT scanner. Ultra HD images were acquired using Time of flight + True X algorithm for Siemens mCT 20 ultra HD LSO PET-CT at iteration 2 and subset 16 values for reconstruction. 3D imaging was performed using Siemens Biograph 6 HD LSO PET-CT scanner at 6 to 8 bed positions for 2.5 minutes per bed. HD images were acquired using True X algorithm for Siemens Biograph 6 HD LSO PET-CT.

Interpretation of PET/CT Images {#s2c}
-------------------------------

Images acquired from all patients were evaluated by at least two senior nuclear medicine physicians, at the workstation both visually and semi-quantitatively in axial, coronal and sagittal planes. ^18^F-FDG PET/CT image evaluation was done unaware of previous imaging results of subjects. For visual evaluation, foci of increased ^18^F-FDG uptake compared to background and CT findings were evaluated in conjunction. For semi-quantitative analysis, SUV~max~ was measured by placing the "volume-of-interest" around the ^18^F-FDG positive primary and nodal metastatic lesions in visual evaluation. Focal FDG uptakes with an abnormal soft tissue mass or a lymph node on CT counterpart was considered significant for malignancy. For SUV~max~ calculation, "regions of interest" (ROI) which included the location of highest uptake was drawn on PET cross-sections. SUV~max~ was calculated according to the following formula: Maximum activity inside the ROI (MBq/gr) /injected ^18^F-FDG dosage (MBq/kg body mass). Maximum tumor diameter and wall thickness were measured from the axial CT scan of the PET/CT imaging.

Statistical Analysis {#s2d}
--------------------

All the data were analyzed with SPSS software for Windows (v21.0; IBM, Armonk, NY, USA). Individual and aggregate data were summarized using descriptive statistics including mean, standart deviations, medians (minimum-maximum), frequency distributions and percentages. Normality of data distribution was verified by Kolmogorov-Smirnov test. Comparison of the variables with normal distribution was made with Student t-test. Evaluation of categorical variables was performed by chi-square test. The kappa statistic was calculated to evaluate the agreement. P values of \<0.05 were considered statistically significant.

Results {#s3}
=======

In our study group, the prevalence was highest in the patients' seventh decade of life (37.2%), followed by the sixth decade (25.9%). In PET/CT imaging, 22.0% (n=75) of the lesions were detected in the proximal part (cardioesophageal junction or cardia), 29.6% (n=101) in the middle part (fundus and corpus), 38.7% (n=132) in the distal part (antral or pyloric) and 9.7% (n=33) of the lesions were diffuse in the stomach.

The final histopathologic diagnosis was obtained in 70.0% of patients (n=239) only by endoscopic biopsy. These patients were directed to non-surgical treatments due to inoperability. In this subgroup, the findings obtained by the second PET/CT were used as the gold standard in the following three or six months after diagnosis. Remaining 102 patients underwent gastrectomy and nodal staging was performed together with detailed histopathological analysis in these patients. AC was the most common histological subtype, accounting for 62.7% (n=214) of total patients, followed by signet ring cell carcinoma (SRCC) (26.9%) (n=92), mucinous carcinoma (5.6%) (n=19), neuroendocrine carcinoma (1.5%) (n=5), adenosquamous carcinoma (0.9%) (n=3), medullary carcinoma (0.9%) (n=3) and other subtypes (1.5%) (n=5) in our study ([Table 1](#t1){ref-type="table"}). Histological subtypes of patients who underwent surgical resection were as follows: AC in 57 (55.9%) patients, SRCC in 21 (20.6%) patients, mucinous carcinoma in 17 (16.6%) patients, neuroendocrine carcinoma in 4 (3.9%) patients, medullary carcinoma in 2 (2%) patients and adenosquamous carcinoma 1 (1%) patient.

Primary tumor FDG uptake was observed in all the subjects except 2 patients with SRCC. Therefore, the analysis was performed according to semiquantitative analysis instead of visual evaluation. Mean ± standard deviation SUV~max~ obtained from 339 patients with ^18^F-FDG accumulation in primary tumor was 12.9±8.6 in PET/CT imaging. The highest SUV~max~ was detected in patients with medullary subtype GC (17.8±9.9) while the lowest SUV~max~ (9.7±7.6) was seen in SRCC. A statistically significant difference was documented among all histological types based on ^18^F-FDG uptakes (p\<0.001), and the primary tumor SUV~max~ was found statistically higher in patients with AC (14.5±8.8) than in patients with SRCC (p\<0.001) ([Table 1](#t1){ref-type="table"}) ([Figure 1](#f1){ref-type="fig"} and [2](#f2){ref-type="fig"}).

The SUV~max~ measured in group aged 60 years or over (n=147) was found to be statistically higher than in group aged lower than 60 years (n=67) in patients with AC (p=0.03). When the primary tumor size was taken into consideration, the SUV~max~ of RLN positive group in PET/CT (n=168) was found significantly higher than RLN negative group (n=46) (15.9±8.8 and 8.7±5.9, respectively) (p\<0.001). There were no statistically significant differences in terms of SUV~max~ among the different anatomic locations of the lesions in stomach (p=0.274), and different tumor differentiation grades in patients with AC (p=0.102) ([Table 2](#t2){ref-type="table"}).

The primary tumor SUV~max~ of RLN positive group (n=62) was found significantly higher than RLN negative group (n=30) (11.0±8.5 and 6.9±3.8, respectively) in patients with SRCC (p=0.012). Similarly, the primary tumor SUV~max~ of the group with distant organ metastasis (n=11) was significantly higher than the group without distant organ metastasis (n=81) (14.1±8.2 and 9.7±7.3, respectively) in patients with SRCC (p=0.025). In patients with SRCC, there were no statistically significant differences in terms of primary tumor SUV~max~among the different anatomic locations (p=0.284), and different tumor differentiation grades (p=0.946) ([Table 3](#t3){ref-type="table"}). In SRCC group, primary tumor FDG uptake was increased in the presence of distant nodal and distant organ metastasis. There was a similar tendency for distant nodal metastasis in the AC group, but this was not true for distant organ metastasis in our study group ([Table 2](#t2){ref-type="table"}).

In our study, 102 patients underwent surgical resection. Postoperative histopathological analysis was accepted as gold standard for detection of RLN metastatic involvement and sensitivity and specificity for PET/CT were calculated according to postoperative histopathological analysis results. The sensitivity and specificity of PET/CT were found to be 78.2% and 58.3% in the detection of RLN, respectively. Positive predictive value (PPV) and net present value (NPV) of the PET/CT imaging were 89.5% and 45.2% for RLN metastasis, respectively. On the other hand, primary tumors' SUV~max~ was found statistically higher in patients with positive RLN (14.6±8.9) than in patients with negative RLN (8.2±5.3) (p\<0.001). The SUV~max~of RLN was found significantly higher in patients with AC than in patients with SRCC (SUV~max~=8.8±8.4 and 5.8±7.1, respectively; p=0.001) ([Table 4](#t4){ref-type="table"}).

Distant organ metastasis was found in 91 (26.7%) patients. Fourty two patients with distant metastasis had AC, 11 had SRCC and 38 remaining patients had other subtypes of GC. In our study group, the most common organ with metastasis was found as liver (64.8%, n=59). This was followed by bone-bone marrow (11%, n=10), multiple organs (9.9%, n=9), lungs (8%, n=7) and serosal metastasis (6.3%, n=6). There was no relation between distant organ metastatic state and primary tumor ^18^F-FDG uptake rate (p\>0.05). Similarly, there was no statistically significant difference between the distant lymph node metastasis positive or negative patients according to the primary tumor ^18^F-FDG uptake rate (p\>0.05) ([Table 2](#t2){ref-type="table"}). The SUV~max~ of distant lymph node metastatic lesions was 11.0±7.0 and there was no statistically significant difference detected between AC (11.7±5.5) and SRCC groups (9.3±9.3) (p=0.264).

Discussion {#s4}
==========

GC still has one of the highest mortality rates among all malignancies worldwide, although 5-year survival rates have markedly increased with currently available treatments ([@ref13]). The GC typically emerges between the 6^th^ and 7^th^ decade of life. National Cancer Institute (NCI) documented a median age of 69 years at diagnosis and majority of cases (81.5%) were diagnosed at ages between 55 and 84 years ([@ref14]). Liu et al. ([@ref15])reported that the mean age was 58 years and that 69.8% of the patients were male and that 30.2% were female. Of 75.1% our study group was consisted of males and 24.9% females and the mean age of patients was 62.2 years. The prevalence was highest in the patients' seventh decade of life (37.2%), followed by the sixth decade (25.9%) in this study. Advanced age and increased tumor size were described as independent prognostic risk factors in numerous published data ([@ref15],[@ref16]). In a study conducted by Liu et al. ([@ref15]), multivariate analysis demonstrated that age and tumor size were independent prognostic factors in both patients with SRCC and with non (N)-SRCC and also documented that the 5-year survival rates of SRCC and NSRCC group were significantly lower in patients ≥60 years old and in patients with increased size of tumor diameter. Chen et al. ([@ref16]) found the mean SUV~max~ for the primary tumors significantly higher in patients ≥60 years old and increased tumor sizes. In our study, the mean SUV~max~ measured in group aged 60 years or over was found to be statistically higher than in the group aged lower than 60 years in patients with AC.

The affinity of the primary lesion to ^18^F-FDG may be low in some types of GC and PET/CT may be false negative due to low metabolic activity especially in early-stage tumors and SRCC. Wu et al. ([@ref5]) demonstrated increased ^18^F-FDG uptake as an important prognostic factor in primary lesions of GC. Similarly, Kaneko et al. ([@ref10]) noted that ^18^F-FDG PET/CT scoring system may contribute in the selection of the most effective treatment modality for patients with GC and they showed some significant predictors of ^18^F-FDG uptake in primary tumor such as large tumor size, NSRCC type, and GLUT 1 expression. Chen et al. ([@ref16]) showed significantly higher SUV~max~ in AC than SRCC. In accordance with all mentioned data, the lowest SUV~max~ was detected in patients with SRCC and the primary SUV~max~ was found statistically higher in AC than SRCC in our study. In our study, there was statistically significant difference between all histological types based on ^18^F-FDG uptake. The highest SUV~max~ was obtained from medullary carcinoma and AC groups in our study. On the other hand, Stahl et al. ([@ref17]) showed that ^18^F-FDG uptake was not predictive of survival in GC.

There are some studies in the literature that investigate the relationship between primary tumor ^18^F-FDG uptake and differentiation grade in GC. Chen et al. ([@ref16]) reported a higher SUV~max~ in poorly differentiated AC than well or moderately differentiated AC (9.579±6.474 vs. 5.452±3.722; p=0.014) in retrospective analysis of 64 patients with GC who had undergone ^18^F-FDG PET/CT. However, Yun ([@ref18]) reported significantly higher mean SUV~max~ in well differentiated AC (10.4±7.3) and moderately differentiated AC (9.2±6.7) than in SRCC (4.4±1.8) in their study which included 126 patients with GC. In our study, there was no statistically significant difference in terms of differentiation grade in patients with AC and SRCC.

It is well known that presence of lymph node metastases is one of the most important prognostic factors in GC ([@ref19]). According to the NCI statistics, the 5-year survival rates are significantly poor for patients diagnosed as having lymph node disease (29.9%) and metastatic disease (4.5%), particularly at advanced stages ([@ref14]). ^18^F-FDG PET/CT is documented to have a prominent role for detection of unsuspected metastases and nodal involvement at staging ([@ref16],[@ref18]). Mukai et al. ([@ref19]) detected a significantly higher rates of nodal involvement (p=0.0035) in 62 patients with GC with ^18^F-FDG PET. In a meta-analysis, the sensitivity and specificity of ^18^F-FDG PET in lymph node involvement were reported between 85.7% to 97.0%, respectively ([@ref20]). In our study, when RLN detection was taken into consideration in postoperative histopathological results of 102 patients; the sensitivity, specificity, PPV and NPV for PET/CT were found 78.2%, 58.3%, 89.5% and 45.2%, respectively. According to the results of previous studies, these rates were relatively low. Although PET/CT has low sensitivity for RLN involvement, Song et al. ([@ref21]) reported that preoperative lymph node ^18^F-FDG uptake in GC was an independent prognostic factor for progression and overall survival. Similarly, in a study by Kwon et al. ([@ref22]) it was demonstrated that FDG uptake of lymph nodes was an independent factor contributing to recurrence free survival after curative resection in patients with advanced GC. Oh et al. ([@ref23]) demonstrated that lymph node metastasis was significantly associated with primary tumor SUV~max~ (p \<0.001).They described primary tumor SUV~max~ as an independent indicator of lymph node metastasis and also noted that they could not find any association between SUV~max~ and tumor location ([@ref23]). Primary SUV~max~ was found statistically higher in patients with positive RLN than patients with negative RLN in our AC and SRCC groups. Moreover, the primary tumor SUV~max~ was found to be higher in the distant metastasis positive patients than the distant metastasis negative patients in SRCC group. This finding indicated that high FDG uptake could be a poor prognostic factor in the SRCC group. There were also no statistically significant differences according to the different anatomic locations of the lesions of stomach. Smyth et al. ([@ref24]) reported that ^18^F-FDG PET/CT could only able to detect the distant unsuspected metastases in approximately 10% of patients with AC. Also, ^18^F-FDG PET/CT provided better diagnostic accuracy for the detection of lymph node and distant metastasis in patients with advanced GC ([@ref25],[@ref26]).

Conclusion {#s5}
==========

In conclusion, metabolic differences among subtypes of GC were revealed with the results of this study. Increased primary tumor SUV~max~ was associated with some clinical variables such as age and RLN metastasis in AC. Unexpectedly, no relationship was found between distant metastatic state and primary tumor SUV~max~ in AC. However, higher SUV~max~ of primary tumor in SRCC was associated with regional, distant nodal and distant organ metastasis. Although ^18^F-FDG uptake in SRCC was lower than AC, we think that SUV~max~ of primary tumor may be a prognostic value for this subgroup. Unfortunately, satisfactory results could not be obtained with PET/CT in regional nodal staging in this study. However, increased ^18^F-FDG uptake in RLNs could be a reliable guide to detect nodal metastasis before surgery.
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###### Incidences and comparison of SUV~max~ according to histopathological subtypes of GC
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###### Relation between primary tumor SUV~max~ and clinical and histopathological features of the AC-patients
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###### Relation between primary tumor SUV~max~ and clinical and histopathological features of the SRCC-patients
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###### Comparison of RLN diameter and SUV~max~ in histopathological subtypes
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![A 68-year old male patient with gastric adenocarcinoma. Axial PET (A), CT (B), and fusion (C) images showed high ^18^F-FDG uptake (SUV~max~: 13.29) in primary tumor in the fundus of the stomach (black arrow). Liver metastasis showed increased ^18^F-FDG uptake (short axis diameter: 1.88 cm, SUV~max~: 6.24) (red arrow). Additionally, bone metastasis was demonstrated in PET/CT images (SUV~max~:16.29) (blue arrow)\
^18^F-FDG: Fluorine-18-fluorodeoxyglucose, SUV~max~: Maximum standardized uptake value, MIP: Maximum intensity projection image, PET: Positron emission tomography, CT: Computed tomography](MIRT-29-25-g1){#f1}

![A 48-year-old male patient with SRCC. Axial PET (A), CT (B), and fusion (C) images showed ^18^F-FDG uptake (SUV~max~: 7.9) in primary tumor in the cardia of the stomach (arrow). There was no locoregional lymph node or distant metastasis in PET/CT imaging\
^18^F-FDG: Fluorine-18-fluorodeoxyglucose, SUV~max~: Maximum standardized uptake value, MIP: Maximum intensity projection image, PET/CT: Positron emission tomography/computed tomography, SRCC: Signet ring cell carcinoma](MIRT-29-25-g2){#f2}
